Introduction
The United Kingdom spends over £1600 million a year on non-commercial biomedical and health services research. 1 This research is funded either from the public purse, such as the NHS and the Medical Research Council, or medical research charities, such as the Wellcome Trust. The tacit understanding is that the biomedical research these bodies support will lead to an eventual improvement in health. The system is highly complex, however, and medical agencies support a wide spectrum of activity from basic biomedical research through to research in health services and assessments of technology. Notwithstanding this complexity, there is a need to understand how funding of research affects health care. Such analysis will allow funding agencies to show accountability and good research governance to their stakeholders; enhance public perception and understanding of biomedical science and the scientific process; and allow the development of more effective strategies in research and development to increase the likelihood of "successful" research outcomes. 2 Traditionally, the contribution of scientific research to knowledge has been measured by the number and impact of scientific papers in the peer reviewed literature. A broader approach has suggested disaggregating the research process and assessing the "payback" at each stage. 3 A pilot study has shown that it is possible to use applied bibliometric techniques to "link" research funding organisations with both primary and secondary outputs. 2 Primary outputs are defined as publications in the serial peer reviewed literature, while the secondary outputs are taken to be evidence based clinical guidelines. We expanded on the pilot study by increasing the sample size to permit us to characterise the papers cited on clinical guidelines.
Data sources
Fifteen sets of guidelines on disease management were selected as data sources for the study (table 1) . [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] The guidelines covered a range of conditions seen in general (family) practice or in hospital care, and all had been produced in the United Kingdom, either by the royal colleges or by the North of England Evidence Based Guidelines Development Project. The guidelines were selected because they had been assessed by the NHS Appraisal Centre for Clinical Guidelines. The role of the centre is to advise the NHS Executive about the quality of clinical guidelines that have been funded through the national guideline programme. 19 Its appraisal consists of a structured peer review based on a validated appraisal instrument that assesses key elements for the development and reporting of clinical guidelines.
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Methods
One criterion on which the guidelines are appraised is the "identification and interpretation of evidence." Accordingly, a well developed guideline would include a comprehensive bibliography of publications cited therein. We scanned these bibliographic details onto a bespoke database. After we standardised the bibliographic data we looked up all papers on the Science Citation Index and in libraries to add the addresses of the authors and any missing information such as paper titles, volume numbers, etc.
When possible, we made comparisons with all UK biomedical publications between 1988 and 1995 using the Wellcome Trust's research output database (ROD). 1 Analyses were based on either paper or journal details and included examination of the "knowledge cycle time" (the time between a paper's publication and its citation in a clinical guideline); the country of authorship, based on analysis of the address fields; and the type of research cited (the extent to which basic (or clinical) research was cited in guidelines).
This last analysis used a journal classification system developed and updated by CHI Research (a private research consultancy based in the United States). The system is based on expert opinion and journal to journal citations and has become a standard tool in bibliometric analyses. 21 Journals are allocated to four hierarchical levels in which each level is more likely to cite papers in journals at the same level or the level below it. Hence, only 4% of papers in level 1 "clinical observation" journals (for example, BMJ) will cite papers in level 4 "basic" journals (for example, Nature) compared with 8% for level 2 "clinical mix" journals (for example, New England Journal of Medicine) and 21% for level 3 "clinical investigation" journals (for example, Immunology). By looking at the journals in which papers cited in clinical guidelines are published, it is possible to characterise the research and estimate how long it takes for basic research to feed into clinical practice. This analysis, however, is rather crude as it allocates all papers within a journal to one level, despite a strong likelihood that there is variation in the type of research published in a given journal. Table 2 shows the characteristics of the papers cited in the 15 guidelines. In total, 2501 papers were referenced in the bibliographies of the guidelines, of which 2043 (82%; range 50-98%) were papers in research journals. A small proportion of papers (55; 3%) were referenced in more than one guideline but were still included in the following analyses and therefore were "double counted." Of the 2043 papers looked up in libraries, 1761 (88%; range 63-100%) were found and missing information (for example, addresses) recorded.
Results
The "knowledge cycle time"
In patent analysis, an important characteristic is the "prior art cycle time," which is defined as the median age of the patents referenced on the front page of a patent. 22 With guidelines, an analogous indicator would be the "knowledge cycle time"-that is, the age of papers cited in clinical guidelines, as illustrated in figure 1 . The median knowledge cycle time for all 15 guidelines was eight years; 25% of the papers, however, were more than 10 years old and 4% more than 25 years old. Country of authorship Figure 2 shows the distribution of the addresses of authors cited in the clinical guidelines for the Group of Seven (G7) largest economies. Comparison data for outputs in 1998 were taken from the Science Citation Index with a title keyword and specialist journal search strategy developed for biomedicine and described elsewhere. 1 In total 9007 authors were cited in the 1761 papers, which is an average of 5.1 authors per paper. This distribution is heavily skewed as five papers had more than 100 authors. Most papers were published by authors living in either the United States (36%) or the United Kingdom (25%), with the five remaining countries accounting for 19% of addresses. Non-G7 countries accounted for 26% of the papers. Note that for a number of the guidelines the total percentages add up to more than 100% because of collaboration between the G7 countries. The most salient observation to be made from figure 2 is the higher proportion of UK papers cited in guidelines compared with biomedicine as a whole.
Type of cited research
The third analysis was based on the journals in which the cited papers appeared and was used to determine the extent to which basic or clinical research is cited in clinical guidelines. Figure 3 shows the distribution of cited papers across four different journal levels. Of the 1761 papers, 260 (15%) did not have a research level. Of the remaining papers, nearly three quarters appeared in level 1 (clinical observation) or level 2 (clinical mix) research journals compared with only four papers (or 0.2%) in level 4 (basic) journals.
Comparison data were taken from the research output database for UK biomedical publications between 1988 and 1995 (the right hand column for each research level in figure 3 ). To make this comparison valid, however, the guideline papers have been restricted to the 291 UK publications between 1988 and 1995 (the middle column for each research level). As is apparent from figure 3 clinical guidelines are citing clinical papers. In itself this observation is not surprising, though there is an underlying assumption in biomedical science policy that basic research feeds into clinical practice. To see if this assumption holds, figure  4 examines the type of research cited in subsequent "generations" of papers, where a second generation paper refers to papers cited in a 5% random sample of papers cited in the guideline papers and a third generation paper to a 5% random sample of papers cited in a 5% random sample of papers cited in the guideline papers and so on. In this analysis the proportion of clinical observation (level 1) papers fell from 30% to 14% over the four generations analysed while basic (level 4) papers increased from 0.2% to 8%. 
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Fig 3 Research level of journals cited in clinical guidelines
Discussion
Policy implications
This study raises a number of important policy issues. Potentially the most important observation is in figure  2 , which shows that authors of UK guidelines are citing UK papers. This may suggest that the guidelines are not citing all the internationally available evidence and that there is a publication bias. This explanation is unlikely, however, because the appraisal criteria specifically assess whether the identification, evaluation, and selection of evidence have been properly conducted and are unbiased. That said, it would be interesting to see if US guidelines cite US papers or whether in the United Kingdom a disproportionate volume of papers relevant to guidelines is published. Furthermore, guidelines informed by local (UK) research might not be a bad thing per se. Indeed, the preferential citing of UK papers may provide good evidence for supporting a local science base. If so, then the central policy question is: does a strong science base lead to better clinical practice? As far as we are aware, this assumption has never been fully tested. One way would be to link data on research evaluation (such as the number and quality of peer reviewed publications) with data on clinical audit (such as standardised mortality adjusted for case mix).
A second observation is the length of time it takes for basic research to flow into clinical practice. It has been shown that on average it takes three years for a paper to be cited, 23 and figure 1 shows an average eight year time lag between the publication of a paper and the publication of a guideline. In other words, it would seem to take about 17 years (that is, 8 + (3×3)) for the fourth generation research papers to feed into clinical practice. From a policy viewpoint, this raises the question of what the optimum time is for research to be fully evaluated and put into practice and whether this process needs to and can be speeded up.
A related issue is how basic research supports clinical research. Figure 4 shows that basic research is not being cited in clinical guidelines, and although the proportion increases by generation, only 8% of basic research is cited at the fourth generation of papers. It is hard to estimate how much basic research one would expect to be cited at the fourth generation, but it is significantly below the 25% for all UK biomedicine. Does this imply that there is little interaction between the clinical and basic research communities? Or is the information flowing through other routes, such as tacit knowledge, medical education, etc? Interestingly, these findings are at odds with those of past studies, which have concluded that basic research is an essential bedrock of clinical medicine. 24 These studies and the current analysis, however, take a retrospective lookthat is, they identify a success (such as a citation in a clinical guideline or a medical advance) and look at the supporting evidence. An alternative approach would be to identify a body of basic research published some time ago and follow its subsequent knowledge flow. This would further our understanding of how research feeds into medical (or non-medical) advances.
Methodological limitations
This study has shown how applied bibliometric techniques can be used to generate and inform several interesting policy issues in research and development and provide a way to evaluate the impact of research on clinical practice. There are, however, several limitations to our approach. Firstly, our analysis is based on "found papers." These account for 70% of all references cited in clinical guidelines, and thus there could obviously be biases in our results if the papers we failed to find had significantly different characteristics to those analysed. Secondly, a citation in a clinical guideline does not guarantee an impact on health and therefore a payback on the research investment. Nevertheless, a citation in a clinical guideline could be considered as an indicator of research utility and thus an intermediate outcome, or "secondary output" in the language of the payback model. Thirdly, bibliometric analysis does not give any indication of the importance of a cited paper. This problem could be overcome by assigning weights to papers on the basis of quality, sample size, or such like. Finally, the analysis was undertaken in the absence of a denominator. Only the "successful" papers were examined, and we do not know how many papers have been published that are potentially relevant to the topics covered by the guidelines but were not cited in the clinical guideline.
Towards an evidence based research policy
Despite these limitations, we would strongly defend this type of analysis and encourage other investigators to spend some time thinking about the way research is managed. In one sense the lack of solid conclusions reflects the lack of evidence in this area. This is despite recognition in the BMJ in 1987 that "we need to research research" 25 and the strong methodological synergy between epidemiology, especially in the analysis of observational datasets, and evaluation of quantitative research as presented in this paper. Indeed, in a period when researchers are demanding that clinicians practice evidence based medicine it is only appropriate and correct that such researchers audit and evaluate the research outputs and outcomes of their own investigations.
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What is already known on this topic
Research evaluations have traditionally assessed contributions to knowledge through citation analysis
The objective of many agencies that fund medical research is to support research that improves health, and therefore conventional bibliometric analysis, which assesses contributions to knowledge, may not be an appropriate method of evaluation
What this study adds
The use of clinical guidelines as an intermediate outcome measure in the research process is a novel method of applying bibliometric techniques to assess the impact of research on health care
A golden rule Looking first "It's a game, and you have to know the rules," they said about the membership examination. Tricks of the trade were explained in great detail by ranks of registrars and senior house officers on the other side of this impossibly high fence I had to jump. One consultant, however, simply advised me to "just stop and look before you dive in." She was clearly very elderly, sitting there in the chair-that is all I remember thinking on the approach.
"Examine this lady's fundi please." I leapt in, introduced myself, and put out my hand-got to look confident, got to look like the registrar. Bilateral optic atrophy. I had never seen it more obviously. Now, causes, causes, got to have the causes. I turned to face the examiner and looked him in the eye.
"This lady has bilateral optic atrophy." I was on a roll now; picking up the signs-this was "the game" and I had all the aces at the moment.
"What is her acuity?" the examiner asked. The "roll" came to an abrupt halt. There was no Snellen chart to hand, what could he mean? He hadn't asked for that in the original instruction. Where was the catch? I struggled and blurted out the first thing I could think of. "Well, she fumbled slightly for my hand when I went to shake hers, so I suppose the acuity is reduced, but I would need to test it formally of course." It sounded lame. He just stared at me. "Are there any other clues that this lady has poor acuity, doctor?" Now he had the look, the "smiling death" I had been told about. What had I missed? I turned back to face the patient and allowed myself for the first time to "just stop and look."
From under her chair, and only visible when I stood back from the patient, her guide dog seemed to be grinning at me.
I didn't fail simply because of that-there were other more fundamental errors to come-but it was a simple lesson that I have tried to apply since-to "just stop and look before diving in."
Martin Turner MRCP research registrar in neurology, London
We welcome articles of up to 600 words on topics such as A memorable patient, A paper that changed my practice, My most unfortunate mistake, or any other piece conveying instruction, pathos, or humour. If possible the article should be supplied on a disk. Permission is needed from the patient or a relative if an identifiable patient is referred to. We also welcome contributions for "Endpieces," consisting of quotations of up to 80 words (but most are considerably shorter) from any source, ancient or modern, which have appealed to the reader.
